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TOUCH CONTROL SCREEN, SCREEN
MODULE, AND ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/CN2020/107740, filed on Aug. 7, 2020,

which claims priority to Chinese Patent Application No.
201910734938.9, filed on Aug. 9, 2019. The disclosures of
the aforementioned applications are hereby incorporated by
reference in their entireties.

TECHNICAL FIELD

This application relates to the field of touch control screen
technologies, and more specifically, to a touch control
screen, a screen module, and an electronic device.

BACKGROUND

In electronic apparatuses such as personal digital assis-
tants, notebook computers, and medical apparatuses, touch
control screens are widely applied. A touch control screen
includes a transparent conducting layer with a graphical
design, and can implement a touch control effect and a
display eflect.

Currently, flexible display technologies are developing
rapidly. Especially, a touch control solution to a folding
scenario 1s of great importance. An area that can be flexibly
bent in a foldable electronic device can be referred to as a
bending area. When the electronic device 1s bent, film
dislocation and internal stress occur 1n the bending area, and
a transparent conducting layer in the bending area 1s prone
to break, causing a line in the transparent conducting layer
to disconnect or impedance to increase. Ultimately, a touch
control eflect of a touch control screen worsens or directly
becomes ineflective, seriously compromising reliability of
the touch control screen.

SUMMARY

This application provides a touch control screen, a screen
module, and an electronic device. An end portion of a groove
that 1s 1n a conducting layer of the touch control screen and
whose component of length 1s greater than 0 on a y-axis 1s
extended, where the y-axis 1s perpendicular to a bending
axis. This reduces stress concentration at the end portion of
the groove, thereby improving reliability of the touch con-
trol screen. In addition, the touch control screen in this
application can be prepared simply by designing a pattern of
a mask 1n advance. This features ease of operation and rapid
deployment and 1s very practical.

According to a first aspect, a touch control screen 1s
provided. The touch control screen can be bent along a
bending axis. The touch control screen includes a conduct-
ing layer, the conducting layer includes a plurality of first
grooves, the first groove includes a main slot and a first
extension slot, the first extension slot 1s connected to a first
end portion of the main slot, a component of a length of the
main slot 1s greater than O 1n a direction 1n which the bending,
axis 1s located, a length of a projection of the first extension
slot on an x-axis 1s greater than a length of a projection of
the first end portion on the x-axis, the x-axis 1s perpendicular
to the bending axis, and a plane 1n which the x-axis and the
bending axis are located 1s a plane 1n which a surface of the
touch control screen 1s located.
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Therefore, 1n the touch control screen provided in this
application, an extension slot that can be connected to the
main slot 1s provided at an end portion of the main slot, so
that a length of a projection of the extension slot on the
Xx-axis can be greater than a length of a projection, on the
x-axis, ol the end portion that 1s of the main slot and that 1s
connected to the extension slot, where the x-axis 1s perpen-
dicular to the bending axis. In this way, when the touch
control screen 1s subject to tensile force from the x-axis 1n
a bending process, stress originally concentrated on the
relatively small end portion of the main slot 1s distributed to
the relatively large extension slot, thereby reducing stress
exerted on a single force bearing point on the extension slot
that serves as an end portion of the first groove. This can
ellectively reduce stress concentration at the end portion of
the first groove, thereby reducing a probability that the
conducting layer breaks and improving reliability of the
touch control screen. In addition, the touch control screen 1n
this application can be prepared simply by designing a
pattern of a mask 1n advance. This features ease of operation
and rapid deployment and 1s very practical.

In an embodiment, the length of the projection of the first
extension slot on the x-axis 1s greater than or equal to 1.5

times the length of the projection of the first end portion on
the x-axis.

In an embodiment, at least a part of a slot wall of the first
extension slot 1s an arc-shaped slot wall.

Therefore, 1n the touch control screen provided 1n this
application, the arc-shaped inner wall 1s provided in the
extension slot. This can reduce stress concentration 1n a local
range caused by a sudden change of a shape of the extension
slot.

In an embodiment, the arc-shaped slot wall 1s formed
based on a chamifer design.

In an embodiment, the extension slot includes a chamfer,
and the arc-shaped slot wall 1s an outer wall of the chamf{er.

In an embodiment, a curvature radius of the arc-shaped
slot wall 1s greater than 0.5 times a width of the first end
portion.

In an embodiment, a width direction of the first extension
slot 1s perpendicular to the bending axis.

Therefore, 1n the touch control screen provided 1n this
application, the extension slot that extends 1n a direction
perpendicular to a direction of the bending axis 1s provided
at the end portion of the main slot. In this way, stress
originally concentrated on the relatively small end portion of
the main slot can be distributed to the relatively large
extension slot to a relatively large degree. This can better
reduce stress concentration at the end portion of the first
groove, thereby reducing a probability that the conducting
layer breaks and improving reliability of the touch control
screen.

In an embodiment, the first groove further includes a
second extension slot, the second extension slot 1s connected
to a second end portion of the main slot, and a length of a
projection of the second extension slot on the x-axis 1s
greater than a length of a projection of the second end
portion on the x-axis.

In an embodiment, the length of the projection of the
second extension slot on the x-axis 1s greater than or equal
to 1.5 times the length of the projection of the second end
portion on the x-axis.

In an embodiment, at least a part of a slot wall of the
second extension slot 1s an arc-shaped slot wall.

In an embodiment, the arc-shaped slot wall 1s formed
based on a chamifer design.

il
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In an embodiment, the extension slot includes a chamfer,

[

and the arc-shaped slot wall 1s an outer wall of the chamf{er.

In an embodiment, a curvature radius of the arc-shaped
slot wall 1s greater than 0.5 times a width of the second end
portion. d

In an embodiment, a width direction of the second exten-
s1on slot 1s perpendicular to the bending axis.

In an embodiment, a length direction of the main slot 1s
parallel to the direction of the bending axis.

In an embodiment, a component of the length of the main
slot 1s equal to O 1n a direction 1n which the x-axis 1s located.

In an embodiment, the conducting layer 1s a transparent

conducting film layer.

According to a second aspect, a touch control screen 1s
provided. The touch control screen can be bent along a
bending axis. The touch control screen includes a conduct-
ing layer; the conducting layer imncludes a plurality of first
grooves; the first groove includes a first end portion, a
second end portion, and a main body portion that 1s located 3¢
between the first end portion and the second end portion; a
length of a projection of the first end portion on an x-axis 1s
greater than a length of a projection, on the x-axis, of a part
that 1s of the main body portion and that 1s in contact with
the first end portion; a length of a projection of the second 25
end portion on the x-axis 1s greater than a length of a
projection, on the x-axis, of a part that 1s of the main body
portion and that 1s 1n contact with the second end portion; the
x-axi1s 1s perpendicular to the bending axis; and a plane in
which the x-axis and the bending axis are located 1s a plane 30
in which a surface of the touch control screen i1s located.

According to a third aspect, a screen module 1s provided,
including a flexible display screen, a touch control screen,
and a cover that are disposed in sequence in a stacking
manner. The touch control screen includes a conducting 35
layer, the conducting layer includes a plurality of first
grooves, the first groove includes a main slot and a first
extension slot, the first extension slot 1s connected to a first
end portion of the main slot, a component of a length of the
main slot 1s greater than O 1n a direction in which a bending 40
axis 1s located, a length of a projection of the first extension
slot on an x-axis 1s greater than a length of a projection of
the first end portion on the x-axis, the x-axis 1s perpendicular
to the bending axis, and a plane 1n which the x-axis and the
bending axis are located 1s a plane 1n which a surface of the 45
touch control screen 1s located.

In an embodiment, the length of the projection of the first
extension slot on the x-axis i1s greater than or equal to 1.5
times the length of the projection of the first end portion on
the x-axis. 50

In an embodiment, at least a part of a slot wall of the first
extension slot 1s an arc-shaped slot wall.

In an embodiment, the arc-shaped slot wall 1s formed
based on a chamier design.

In an embodiment, the extension slot includes a chamfter, 55
and the arc-shaped slot wall 1s an outer wall of the chamfer.

In an embodiment, a curvature radius of the arc-shaped
slot wall 1s greater than 0.5 times a width of the first end
portion.

In an embodiment, a width direction of the first extension 60
slot 1s perpendicular to the bending axis.

In an embodiment, the first groove further includes a
second extension slot, the second extension slot 1s connected
to a second end portion of the main slot, and a length of a
projection of the second extension slot on the x-axis 1s 65
greater than a length of a projection of the second end
portion on the x-axis.
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In an embodiment, the length of the projection of the
second extension slot on the x-axis 1s greater than or equal
to 1.5 times the length of the projection of the second end

portion on the x-axis.

In an embodiment, at least a part of a slot wall of the
second extension slot 1s an arc-shaped slot wall.

In an embodiment, the arc-shaped slot wall 1s formed
based on a chamier design.

In an embodiment, a curvature radius of the arc-shaped
slot wall 1s greater than 0.5 times a width of the second end
portion.

In an embodiment, a width direction of the second exten-

s10on slot 1s perpendicular to the bending axis.

In an embodiment, a length direction of the main slot 1s
parallel to the direction of the bending axis.

In an embodiment, a component of the length of the main
slot 1s equal to 0 1n a direction 1n which the x-axis 1s located.

In an embodiment, the conducting layer 1s a transparent

conducting film layer.

According to a fourth aspect, a screen module 1s provided,
including a flexible display screen, a touch control screen,
and a cover that are disposed 1 sequence in a stacking
manner. The touch control screen 1s bent along a bending
axis. The touch control screen includes a conducting layer;
the conducting layer includes a plurality of first grooves; the
first groove includes a first end portion, a second end
portion, and a main body portion that 1s located between the
first end portion and the second end portion; a length of a
projection of the first end portion on an x-axis 1s greater than
a length of a projection, on the x-axis, of a part that 1s of the
main body portion and that 1s 1n contact with the first end
portion; a length of a projection of the second end portion on
the x-axis 1s greater than a length of a projection, on the
x-axis, of a part that 1s of the main body portion and that 1s
in contact with the second end portion; the x-axis 1s per-
pendicular to the bending axis; and a plane in which the
x-axis and the bending axis are located i1s a plane 1n which
a surface of the touch control screen 1s located.

According to a fifth aspect, an electronic device 1s pro-
vided, including a bending axis and a screen module. The
screen module can be bent along the bending axis. The
screen module includes a flexible display screen, a touch
control screen, and a cover that are disposed 1n sequence 1n
a stacking manner. The touch control screen includes a
conducting layer, the conducting layer includes a plurality of
first grooves, the first groove mncludes a main slot and a first
extension slot, the first extension slot 1s connected to a first
end portion of the main slot, a component of a length of the
main slot 1s greater than O 1n a direction 1n which the bending
axis 1s located, a length of a projection of the first extension
slot on an x-axis 1s greater than a length of a projection of
the first end portion on the x-axis, the x-axis 1s perpendicular
to the bending axis, and a plane 1n which the x-axis and the
bending axis are located 1s a plane in which a surface of the
touch control screen 1s located.

In an embodiment, the length of the projection of the first
extension slot on the x-axis i1s greater than or equal to 1.5
times the length of the projection of the first end portion on
the x-axis.

In an embodiment, at least a part of a slot wall of the first
extension slot 1s an arc-shaped slot wall.

In an embodiment, the arc-shaped slot wall 1s formed
based on a chamifer design.

In an embodiment, a curvature radius of the arc-shaped
slot wall 1s greater than 0.5 times a width of the first end
portion.
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In an embodiment, a width direction of the first extension
slot 1s perpendicular to the bending axis.

In an embodiment, the first groove further includes a
second extension slot, the second extension slot 1s connected
to a second end portion of the main slot, and a length of a
projection of the second extension slot on the x-axis 1s
greater than a length of a projection of the second end
portion on the x-axis.

In an embodiment, the length of the projection of the
second extension slot on the x-axis 1s greater than or equal
to 1.5 times the length of the projection of the second end
portion on the x-axis.

In an embodiment, at least a part of a slot wall of the
second extension slot 1s an arc-shaped slot wall.

In an embodiment, the arc-shaped slot wall 1s formed

based on a chamier design.
In an embodiment, a curvature radius of the arc-shaped

slot wall 1s greater than 0.5 times a width of the second end

portion.

In an embodiment, a width direction of the second exten-
s1on slot 1s perpendicular to the bending axis.

In an embodiment, a length direction of the main slot 1s
parallel to the direction of the bending axis.

In an embodiment, a component of the length of the main
slot 1s equal to O 1n a direction 1n which the x-axis 1s located.

In an embodiment, the conducting layer i1s a transparent
conducting film layer.

According to a sixth aspect, an electronic device 1s
provided, including a bending axis and a screen module. The
screen module can be bent along the bending axis. The
screen module includes a flexible display screen, a touch
control screen, and a cover that are disposed 1n sequence 1n
a stacking manner. The touch control screen includes a
conducting layer; the conducting layer includes a plurality of
first grooves; the first groove includes a first end portion, a
second end portion, and a main body portion that 1s located
between the first end portion and the second end portion; a
length of a projection of the first end portion on an x-axis 1s
greater than a length of a projection, on the x-axis, of a part
that 1s of the main body portion and that 1s in contact with
the first end portion; a length of a projection of the second
end portion on the x-axis 1s greater than a length of a
projection, on the x-axis, of a part that 1s of the main body
portion and that 1s 1n contact with the second end portion; the
x-axi1s 1s perpendicular to the bending axis; and a plane in
which the x-axis and the bending axis are located 1s a plane
in which a surface of the touch control screen 1s located.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a possible schematic structural diagram of an
clectronic device according to an embodiment of this appli-
cation;

FIG. 2 1s a possible schematic structural diagram of a
screen module according to an embodiment of this applica-
tion;

FIG. 3 1s a schematic structural diagram of a local area of
a transparent conducting layer in the prior art;

FI1G. 4 1s a schematic structural diagram of a touch control
screen 1n a bent state according to an embodiment of this
application;

FI1G. 5 1s a schematic structural diagram of a touch control
screen according to an embodiment of this application;

FI1G. 6 1s a schematic structural diagram of a local area of
a conducting layer according to an embodiment of this
application;
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6

FIG. 7(a) to FIG. 7(k) are 1llustrative structural diagrams
of a first groove according to an embodiment of this appli-
cation;

FIG. 8 1s another 1llustrative structural diagram of a first
groove according to an embodiment of this application;

FIG. 9 1s still another illustrative structural diagram of a

first groove according to an embodiment of this application;
and

FIG. 10 1s a possible schematic flowchart of a graphical
design of a conducting layer according to an embodiment of
this application.

DESCRIPTION OF EMBODIMENTS

The following describes technical solutions of this appli-
cation with reference to accompanying drawings.

First, related terms 1n this application are described.

“Parallel” or “perpendicular” described 1n this application
can be construed as “approximately parallel” or “approxi-
mately perpendicular”. For example, two directions with an
included angle within a specified error range can be con-
sidered approximately parallel or approximately perpen-
dicular. Correspondingly, “not parallel” or “not perpendicu-
lar” can be construed as “approximately not parallel” or
“approximately not perpendicular”.

The terms “first” and “second” are merely intended for a
purpose of description, and shall not be understood as an
indication or implication of relative importance or implicit
indication of the number of indicated technical features. A
feature limited by “first” or “second” may explicitly or
implicitly include one or more features.

“At least one” means one or more, and “‘a plurality of”
means two or more. “At least some elements” means some
or all elements.

-

T'he following describes embodiments of this application.
This application can be applied to various electronic
devices that are configured with a touch control screen, and
in particular, can be applied to foldable electronic devices.
Some or all areas of a foldable electronic device can be bent.
In this application, the some or all areas that can be bent are
referred to as bending areas. In an embodiment, the foldable
clectronic device can be folded or unfolded. When the
foldable electronic device 1s folded, the electronic device 1s
bent along a central axis. The central axis can be defined as
a bending axis. In addition, a direction parallel to the
bending axis can be defined as a bending axis direction, and
the electronic device can be bent along the bending axis
direction.

For ease of description, an x-axis, a y-axis, and a z-axis
that are perpendicular to each other are defined in this
application. The y-axis 1s parallel to the bending axis, the
x-axis 1s perpendicular to the bending axis and 1s parallel to
a plane 1n which a surface of the electronic device 1s located,
the z-axis 1s perpendicular to both the x-axis and the y-axis,
and a thickness direction of the electronic device 1s parallel
to the z-axis.

FIG. 1 1s a schematic structural diagram of an electronic
device according to an embodiment of this application.
Referring to FIG. 1, the electronic device 100 includes a
screen module 10 and a bending axis 20. An area 101 1s a
bending area of the electronic device 100. The electronic
device 100 can be bent along the bending axis 20.

FIG. 2 1s a schematic structural diagram ol a screen
module according to an embodiment of this application. The
screen module can be applied to a foldable electronic device.

Referring to FIG. 2, the screen module 10 includes a tlexible
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display screen 110, a touch control screen 120, and a cover
130 that are stacked in sequence and bonded by using
adhesive 140.

A touch control screen 1s also referred to as a “touch-
screen” or a “touch control panel”, and 1s an inductive liquid
crystal display apparatus that can receive signals mput from
a contact and the like. Touch control screens are used 1n
clectronic devices such as mobile phones, e-books readers,
and digital cameras. Capacitive touch control screens are
widely applied due to advantages such as a long service life,
a high transmittance, and high accuracy. A capacitive touch
control screen operates by sensing current of a human body.
When a user touches the touch control screen with a finger,
a stylus, or the like, the touch control screen generates
clectric signal changes for manipulating an electronic
device. The following describes this application by using a
capacitive touch control screen as an example. It should be
understood that this application not only can be applied to a
capacitive touch control screen, but also can be applied to
other touch control screens, for example, a resistive touch
control screen. This 1s not limited 1n any manner i this
application.

A touch control screen includes a transparent conducting
layer with a graphical design. The graphical design may
form a border separation slot and a groove 1n the transparent
conducting layer. Each border separation slot i1s 1solated
from all other border separation slots and all grooves, and
cach groove 1s also 1solated from all other grooves. A border
separation slot can 1solate two adjacent areas in the trans-
parent conducting layer to form a circuit for implementing
a touch control effect. The two areas may be both electrode
areas, or one of the two areas may be an electrode area and
the other area 1s a non-electrode area, or the two areas are
both non-electrode areas. An electrode area 1s also referred
to as a line area, and 1s an area in which a line for
transmitting signals 1s located or an area 1n which a graph
that embodies a logic circuit 1s located. A non-electrode area
1s also referred to as a dummy area. Although the non-
clectrode area also has graphs (or decorative patterns), these
graphs (or decorative patterns) are irrelevant to the logic
circuit, but are designed for consideration of light reflection
and diffraction. The groove 1s provided in some or all areas
in the transparent conducting layer except the border sepa-
ration slot, to implement a touch control effect and a display
ellect.

FIG. 3 1s a schematic structural diagram of a local area of
a transparent conducting layer. To avoid ambiguity, 1t should
be noted that a border separation slot 1211 and a groove
(1212 or 1213) shown 1n FIG. 3 are all drawn 1n single lines
due to a limited size of the figure. Referring to FIG. 3, the
transparent conducting layer includes electrode areas 1214
and non-electrode areas 1215 that are arranged 1n a spaced
manner. Specifically, as shown i FIG. 3, when a non-
clectrode area 1215 1s located at an edge of a local area of
the transparent conducting layer, another side that 1s of the
non-electrode area 1215 and that 1s located at a non-edge
side 1s adjacent to an electrode areca 1214. When a non-
clectrode area 1215 1s located at an 1inner side of a local area
of the transparent conducting layer, the non-electrode area
1215 1s located between two electrode areas 1214 and 1s
separately adjacent to the two electrode areas. It should be
noted that in the embodiment corresponding to FIG. 3, each
border separation slot 1211 1s located between an electrode
area 1214 and a non-electrode area 1215 that are adjacent to
cach other, and i1s configured to 1solate the electrode area
1214 and the non-electrode area 1215 that are adjacent to
cach other.
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It should be noted that, that each border separation slot
1211 shown 1n FIG. 3 1s configured to i1solate an electrode
area 1214 and a non-electrode area 1215 that are adjacent to
cach other 1s merely one of the embodiments of this appli-
cation. In this application, a border separation slot 1211 can
1solate any two adjacent areas 1n the transparent conducting
layer to form a circuit for implementing a touch control
cllect. The two areas may be both electrode areas, or one of
the two areas may be an electrode area and the other area 1s
a non-electrode area, or the two areas are both non-electrode
areas.

Referring to FIG. 3 again, a plurality of electrode areas
1214-A that are electrically connected by using an electrode
bridge and that are distributed along a y direction form one
capacitive sensing module, and a plurality of electrode areas
1214-B that are connected to each other and that are dis-
tributed along an x direction form another capacitive sensing
module. A capacitive eflect exists between the two capaci-
tive sensing modules. In a mainstream design at present,
using the y-axis (e.g., a bending axis) as a reference direc-
tion, grooves may be divided into first-type grooves and
second-type grooves based on components of lengths of the
grooves on the y-axis. A component of a length of a first-type
groove 1s greater than O on the y-axis. Alternatively, a length
direction of a first-type groove 1s not perpendicular to the
y-axis. In an embodiment, a length direction of a first-type
groove 1s parallel to the y-axis, for example, a groove 1213
shown 1 FIG. 3. A component of a length of a second-type
groove 1s equal to O on the y-axis, for example, a groove
1212 shown in FIG. 3.

It should be noted that a length direction of a groove can
be construed as an extension direction from one end of the
groove to the other end of the groove, regardless of a
graphical design of the groove. In the extension direction,
the groove may be of any shape. For example, as shown in
FIG. 3, a length direction of a first-type groove 1s parallel to
the x-axis, and the first-type groove 1s 1n a curved shape. A
length direction of a second-type groove 1s parallel to the
y-axis, and the second-type groove 1s also 1n a curved shape.

It should be understood that a length of a groove 1s greater
than a width of the groove, where the length of the groove
represents a size of the groove m a length direction of the
groove, and the width of the groove represents a size of the
groove 1n a width direction of the groove.

It should be further understood that due to reasons such as
a processing error, that a component of a length of a
second-type groove 1s equal to 0 on the y-axis can be
construed as: the component of the length of the second-type
groove 15 approximately equal to O on the y-axis. To be
specific, when the component of the length of the second-
type groove 1s less than a range threshold on the y-axis, 1t
can be considered that the component of the length of the
second-type groove 1s equal to 0 on the y-axis, for example,
the groove 1212 shown 1n FIG. 3. Likewise, that a compo-
nent of a length of a first-type groove 1s greater than O on the
y-axis can also be construed as: the component of the length
of the first-type groove 1s approximately greater than O on
the y-axis. To be specific, when the component of the length
of the first-type groove 1s greater than a range threshold on
the y-axis, 1t can be considered that the component of the
length of the first-type groove 1s greater than O on the y-axis.
The interpretation herein 1s also applicable to the following
descriptions of a relationship between a component of a
main slot of a groove on an axis and 0. Details will not be
described again.

In a foldable electronic device, a touch control screen can
be bent along a bending axis, to fold or unfold the touch
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control screen. FIG. 4 1s a schematic structural diagram of a
touch control screen 1n a bent state according to this appli-
cation. Referring to FIG. 4, an area 122 1s a bending area of
the touch control screen 120, and the dotted line indicates a
bending axis.

When the electronic device 1s bent, film dislocation and
internal stress occur in the bending area, and a transparent
conducting layer in the bending area 1s subject to tensile
force perpendicular to a bending axis direction or subject to
tensile force 1n an x direction. Consequently, the transparent
conducting layer in the bending area 1s prone to break,
causing a line 1n the transparent conducting layer to discon-
nect or impedance to increase. Ultimately, a touch control
cllect of the touch control screen worsens or directly
becomes ineflective, seriously compromising reliability of
the touch control screen. In addition, an existing transparent
conducting layer 1s usually prepared by using a transparent
metal oxide, so that the transparent conducting layer has
poor tlexibility. As a result, the transparent conducting layer
1s more likely to break.

In this application, by analyzing a breakage phenomenon
of transparent conducting layers, that when a transparent
conducting layer 1n a bending area 1s subject to tensile force
perpendicular to a bending axis direction, stress concentra-
tion occurs at an end portion of a first-type groove (for
example, the groove 1213 shown i FIG. 3). This 1s an
important factor that leads to breakage of the transparent
conducting layer.

Based on the foregoing analysis, this application provides
a touch control screen. An end portion of a first-type groove
that 1s 1n a transparent conducting layer and whose compo-
nent of length 1s greater than O on a y-axis 1s extended. This
reduces stress concentration at the end portion of the groove,
thereby improving reliability of the touch control screen. In
addition, the touch control screen ot this structure can be
prepared simply by designing a pattern of a mask in
advance. This features ease of operation and rapid deploy-
ment and 1s very practical.

In addition, for ease of description, a first-type groove in
a conducting layer 1s denoted as a first groove below.

The following describes the touch control screen 1n this
application 1n detail with reference to FIG. 5 to FIG. 9. It
should be understood that structures 1n FIG. 5 to FIG. 9 are
merely imtended for illustration and do not limait this appli-
cation.

FIG. 5 1s a schematic structural diagram of a touch control
screen according to this application. FIG. 6 1s a schematic
structural diagram of a local area of a conducting layer
according to this application. FIG. 7(a) to FIG. 7(k) are
illustrative structural diagrams of a first groove according to
this application. A border separation slot and a groove shown
in FIG. 5 are all drawn 1n single lines due to a limited size
of the figure.

Referring to FIG. 5, the touch control screen 200 includes
a substrate 210 and a conducting layer 220 that are disposed
in sequence 1n a stacking manner. The touch control screen
200 can be bent along a bending axis. Referring to FIG. 6,
the conducting layer 220 includes at least one border sepa-
ration slot 221 and at least one first groove 222 that are
formed based on a graph. Optionally, the conducting layer
220 may further include a groove 225 whose component of
length 1s equal to O on a y-axis (the bending axis). In other
words, a length direction of the groove 223 1s perpendicular
to the y-axis. A border separation slot 221 1s provided
between two adjacent areas 1n the conducting layer 220 to
1solate the two areas. The two areas are both electrode areas
223, or one of the two areas 1s an electrode area 223 and the
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other area 1s a non-electrode area 224 (where this case 1s not
illustrated in the figure), or the two areas are both non-
clectrode areas (where this case 1s not illustrated 1n the
figure).

Referring to FIG. 7(a) to FIG. 7(k), the first groove 222
includes a main slot 222-A and one or two extension slots
(an extension slot 222-B1 and/or an extension slot 222-B2).
A component of a length of the main slot 222-A 1s greater
than O 1n a direction 1n which the bending axis 1s located
(namely a bending axis direction and a y direction), where
the length of the main slot 222-A represents a size of the
main slot 222-A 1n a length direction of the main slot 222-A.
An extension slot may be provided at one end portion or two
end portions of the main slot 222-A. Referring to FIG. 7(i)
and FIG. 7(k), the first groove 222 has only one extension
slot (for example, an extension slot 222-B1). The extension
slot 1s connected to a first end portion of the main slot 222-A.
A length of a projection of the extension slot on an x-axis 1s
greater than a length of a projection of the first end portion
of the main slot 222-A on the x-axis. Referring to FIG. 7(a)
to F1G. 7(%), the first groove 222 has two extension slots (for
example, an extension slot 222-B1 and an extension slot
222-B2). One extension slot ({or example, the extension slot
222-B1) of the two extension slots 1s connected to a first end
portion of the main slot 222-A, and the other extension slot
(for example, the extension slot 222-B2) 1s connected to a
second end portion of the main slot 222-A. A length of a
projection of the one extension slot on an x-axis 1s greater
than a length of a projection of the first end portion of the
main slot 222-A on the x-axis. A length of a projection of the
other extension slot on the x-axis 1s greater than a length of
a projection of the second end portion of the main slot 222-A
on the x-axis.

It should be understood that a length of the main slot 1s
greater than a width of the main slot, where the length of the
main slot represents a size of the main slot mn a length
direction of the main slot, and the width of the main slot
represents a size of the main slot 1n a width direction of the
main slot.

It should be noted that FIG. 6 shows only an example 1n
which the first groove 1s provided 1n a non-electrode area. It
can be clearly understood that the first groove in this
application can be provided in any area in the conducting
layer except the border separation slot. Any area may be
some or all areas in the conducting layer except the border
separation slot. This 1s not limited 1n any manner in this
application.

In this way, an extension slot that can be connected to the
main slot 1s provided at an end portion of the main slot, so
that a length of a projection of the extension slot on the
x-axis can be greater than a length of a projection, on the
x-axis, of the end portion that 1s of the main slot and that 1s
connected to the extension slot, where the x-axis 1s perpen-
dicular to the bending axis. In this way, when the touch
control screen 1s subject to tensile force from the x-axis 1n
a bending process, stress originally concentrated on the
relatively small end portion of the main slot 1s distributed to
the relatively large extension slot, thereby reducing stress
exerted on a single force bearing point on the extension slot
that serves as an end portion of the first groove. This can
ellectively reduce stress concentration at the end portion of
the first groove, thereby reducing a probability that the
conducting layer breaks and improving reliability of the
touch control screen. In addition, the touch control screen 1n
this application can be prepared simply by designing a
pattern of a mask 1n advance. This features ease of operation
and rapid deployment and 1s very practical.
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For descriptions of the border separation slot 221, the
electrode area 223, and the non-electrode area 224, refer to
the foregoing descriptions of these three terms. Details are
not described herein again.

It should be noted that a graph of the border separation
slot shown 1n FIG. 6 1s merely intended for illustration and
does not limit this application. Any graph for forming a
border separation slot of a circuit falls within the protection
scope of this application.

For ease of description, the following describes the first
groove 1n this application 1n detail by using an example 1n
which the first groove has an extension slot (which 1s
denoted as a first extension slot 222-B1) that 1s connected to
a first end portion of the main slot. The first end portion of
the main slot 1s any one of two end portions of the main slot.

The component of the length of the main slot 222-A 1s
greater than 0 on the y-axis. In other words, the main slot
222-A can be located 1 any direction provided that the
length direction of the main slot 222-A 1s not perpendicular
to the y-axis.

In an embodiment, referring to FIG. 7(a) to FIG. 7(f) and
FIG. 7(i) to FIG. 7(k), the length direction of the main slot
222-A 1s parallel to the y-axis. In an embodiment, referring
to FIG. 7(g) and FIG. 7(%), an included angle between the
length direction of the main slot 222-A and the y-axis 1s
greater than 0° and less than 90°.

Along the length direction of the main slot 222-A, a width
of the main slot 222-A may be constant (as shown 1n any one
of FIG. 7(a) to FIG. 7(i)), or may be inconstant (as shown
in any one of FIG. 7(j) or FIG. 7(k)), in which case the width
of the main slot 222-A changes progressively from one end
to the other end. This 1s not limited in any manner 1n this
application.

The first extension slot 222-B1 that 1s provided at the first
end portion of the main slot 222-A 1s intended for increasing
a size of an end portion of the first groove 222 on the x-axis.
Therefore, a length of a projection of the first extension slot
222-B1 on the x-axis only needs to be greater than a length
of a projection of the first end portion on the x-axis.

In an embodiment, a width direction of the first extension

slot 222-A may be parallel to the x-axis (as shown in any one
of FIG. 7(a) to FIG. 7(e) and FIG. 7(i) to FIG. 7(k)).

In this way, stress originally concentrated on the relatively
small end portion of the main slot can be distributed to the
relatively large extension slot to a relatively large degree.
This can better reduce stress concentration at the end portion
of the first groove, thereby reducing a probability that the
conducting layer breaks and improving rehability of the
touch control screen.

This application does not limit a structure of an extension
slot 1n any manner. Any structure of an extension slot whose
length of projection on the x-axis i1s greater than a length of
a projection of an end portion of the main slot on the x-axis
talls with the protection scope of this application.

In an embodiment, referring to FIG. 7(a) to FIG. 7(k), a
shape structure of the first extension slot 222-B1 may be a
linear structure shown in FIG. 7(a), or may be a curved
structure shown 1n FIG. 7(b), F1G. 7(c), and FIG. 7(d). For
example, the curved structure may be an S-shaped structure,
an arc-shaped structure, a serpentine structure, a circular
structure, a mushroom-shaped structure, or a barbell-shaped
structure.
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In an embodiment, the length of the projection of the first
extension slot 222-B1 on the x-axis 1s greater than or equal
to 1.5 times the length of the projection of the first end
portion of the main slot 222-A on the x-axis. This can better
reduce single-point stress on the end portion of the first
groove, thereby better reducing stress concentration.

It should be understood that the foregoing 1.5 times 1s
merely intended for illustration. The length of the projection
of the first extension slot 222-B1 on the x-axis may alter-
natively be greater than or equal to any multiple, greater than
1, of the length of the projection of the first end portion of
the main slot 222-A on the x-axis. By principle, within a
designable range, a longer projection of the first extension
slot 222-B1 on the x-axis 1s preferred. For example, the
multiple greater than 1 may be 1.2, 1.3, 1.6, or 2.

It can be understood that when the width of the main slot
222-A remains basically constant, a width of the end portion
of the main slot 222-A 1s the same as the width of the main
slot 222-A. When the width direction of the first extension
slot 222-B1 and the width direction of the main slot 222-A
are both parallel to the x-axis, the length of the projection of
the first extension slot 222-B1 on the x-axis can be consid-
ered as a width of the first extension slot 222-B1, and the
length of the projection of the first end portion of the main
slot 222-A on the x-axis can be considered as the width of

the main slot 222-A.

For example, referring to FIG. 8, the width of the main
slot 222-A remains basically constant, the width of the end
portion of the main slot 222-A 1s basically the same as the
width of the main slot 222-A, and the width direction of the
main slot 222-A and the width direction of the first extension
slot 222-B1 are parallel to the x-axis. It 1s assumed that the
width of the end portion of the main slot 222-A 1s denoted
as L,, and that the width of the first extension slot 222-B1
1s denoted as L,. Then, L,=1.5 L,. For example, L,=20 um,
and L;=40 um.

In an embodiment, at least a part of a slot wall of the first
extension slot 222-B1 1s an arc-shaped slot wall. The arc-
shaped slot wall may be provided at any position of the first
extension slot 222-B1.

In this way, the arc-shaped slot wall 1s provided in the
extension slot. This can reduce stress concentration in a local
range caused by a sudden change of a shape of the extension
slot.

In an embodiment, the arc-shaped slot wall may be
formed based on a chamier design. The arc-shaped slot wall
may be formed by implementing a chamifer design at an
intersection of two adjacent slot walls. For example, refer-
ring to FIG. 8, the first extension slot 222-B1 includes a first
slot wall 222-B11 and a second slot wall 222-B12 that are
adjacent to each other. An arc-shaped slot wall 222-B13
connects the first slot wall 222-B11 and the second slot wall
222-B12. A radius of the arc-shaped slot wall 222-B13 may
be denoted as R,.

For example, a shape of the first extension slot 222-B1
may be a graph with a curve design. An extension slot
including an arc-shaped slot wall can be formed through
ctching 1n a depth direction (a z direction) of the first
extension slot 222-B1 based on the graph with a curve
design. Optionally, a curvature radius of the arc-shaped slot
wall 1s greater than 0.5 times a width of the first end portion
that 1s of the main slot 222-A and that 1s connected to the first
extension slot 222-B1. It 1s assumed that the curvature radius
of the arc-shaped slot wall 1s denoted as p, and that the width
of the end portion of the main slot 222-A 1s denoted as L,.
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Then,

P> =

1s satisfied.

Referring to FIG. 9, a graph of a first extension slot 222-B
1s a graph with a curve design. A curvature radius of a curve
1s denoted as p. An extension slot including an arc-shaped
slot wall 222-B3 1s formed through etching in a depth
direction (a z direction) of the first extension slot 222-B
based on the graph of the first extension slot 222-B, where
a curvature radius of the arc-shaped slot wall 222-B3 1s p.

In an embodiment, the border separation slot 221 and the
first groove 222 may be formed through etching on the
conducting layer 220.

In an embodiment, the conducting layer 220 may be a
transparent conducting layer. The transparent conducting,
layer may be a film layer made of transparent conducting
{1lm.

For example, a material of the transparent conducting
layer may be, but 1s not limited to, any of the following types
of conducting materials: indium tin oxide (ITO), antimony
tin oxide, indium zinc oxide (1Z0), zinc oxide (ZnO), carbon
nanotube (carbon nanotube, CNT), silver (Ag), nanowire,
conducting polymer, grapheme, and alloy materal.

It should be noted that this application not only can be
applied to a touch control screen with a display function for
mobile phones or the like, and also can be applied to other
touch control screens that do not need a display function.
Theretore, the material of the conducting layer only needs to
have a conductive eflect.

In an embodiment, the substrate 1s a glass substrate, or
may be made of polyethylene terephthalate (PET), polyim-
ide (PI), a cured adhesive layer, or the like. This 1s not
limited 1n any manner herein.

The following describes the first groove by using
examples in which the first groove includes a main slot and
an extension slot. The following describes the first groove by
using an example 1 which the first groove includes an end
portion and a main body portion.

Referring to FIG. 5, the touch control screen 200 includes
a substrate 210 and a conducting layer 220 that are disposed
in sequence 1n a stacking manner. The touch control screen
200 can be bent along a bending axis. Referring to FIG. 6,
the conducting layer 220 includes a plurality of first grooves
222. The first groove 222 includes a first end portion
222-B1, a second end portion 222-B2, and a main body
portion 222-A that 1s located between the first end portion
222-B1 and the second end portion 222-B2. A length of a
projection of the first end portion 222-B1 on an X-axis 1s
greater than a length of a projection, on the x-axis, of a part
that 1s of the main body portion 222-A and that 1s 1n contact
with the first end portion 222-B1. A length of a projection of
the second end portion 222-B2 on the x-axis 1s greater than
a length of a projection, on the x-axis, of a part that 1s of the
main body portion 222-A and that 1s 1n contact with the
second end portion 222-B2.

The main body portion 222-A may correspond to the
foregoing main slot 222-A. End portions of the first groove
222 may correspond to the foregoing extension slots. Spe-
cifically, the first end portion 222-B1 of the first groove 222
may correspond to the foregoing first extension slot 222-B1.
The part that 1s of the main body portion 222-A and that 1s
in contact with the first end portion 222-B1 may correspond
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to the foregoing first end portion of the main slot 222-A. The
second end portion 222-B2 of the first groove 222 may
correspond to the foregoing second extension slot 222-B2.
The part that 1s of the main body portion 222-A and that 1s
in contact with the second end portion 222-B2 may corre-
spond to the foregoing second end portion of the main slot
222-A. For specific descriptions of the parts of the first
groove, refer to related descriptions above. Details are not
described herein again.

The following describes an example of a graphical design
procedure of a conducting layer according to this application
with reference to FIG. 10. It should be understood that other
manners that can produce a conducting layer are also
applicable. FIG. 10 1s merely mtended for illustrative pur-
poses. The procedure mm FIG. 10 can be divided into six
operations, which are described in detail below:

Operation 1 (1). Form an even layer of transparent con-
ducting film 220 on a substrate 210 by using physical
vapor deposition (PVD), chemical vapor deposition
(CVD), or other film forming technologies, to form the
conducting layer.

Operation 2 (2). Form a layer of photoresist film 230 on
the transparent conducting film 220 by using a coating
technology.

Operation 3 (3). Place the substrate 210 1nto an exposure
machine and expose the photoresist film 230 by using
light with a specific wavelength and power based on a
designed mask 240, where a pattern on the mask 240
includes a border separation slot and a first groove with
an extension slot that are described above.

Operation 4 (4). After exposure of the photoresist film 230
1s completed, perform development 1n a special devel-
opment process and remove some photoresist adhesive
to form a graph on the photoresist film.

Operation 5 (5). Etch on the transparent conducting {ilm
220 by using an etching process, to transier a pattern on
the photoresist film to the transparent conducting film
220.

Operation 6 (6). Remove the photoresist {ilm 230 from the
transparent conducting film 220, to prepare a graph on
the transparent conducting film 220 and produce trans-
parent conducting film that includes the border sepa-
ration slot and the first groove.

This application further provides a screen module. Refer-
ring to FIG. 2, the screen module 10 includes a flexible
display screen 110, a touch control screen 120, and a cover
130 that are stacked in sequence. The touch control screen
120 includes a substrate and a conducting layer. For specific
descriptions, refer to the detailed descriptions of the touch
control screen 200. Details are not described herein again.

This application further provides an electronic device.
Referring to FIG. 1, the electronic device 100 includes a
bending axis 20 and a screen module 10. The screen module
10 can be bent along the bending axis 20, so that the
clectronic device that includes the screen module 10 can be
folded or untfolded. Referring to FIG. 2, the screen module
10 includes a flexible display screen 110, a touch control
screen 120, and a cover 130 that are disposed 1n sequence 1n
a stacking manner. For specific descriptions of the touch
control screen 120, refer to the detailed descriptions of the
touch control screen 200. Details are not described herein
again.

The foregoing descriptions are merely specific implemen-
tations of thus application, but are not intended to limait the
protection scope of this application. Any variation or
replacement readily figured out by a person skilled 1n the art
within the technical scope disclosed 1n this application shall
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tall within the protection scope of this application. There-
fore, the protection scope of this application shall be subject
to the protection scope of the claims.

What 1s claimed 1s:

1. A touch control screen capable of being bent along a
bending axis, comprising:

a conducting layer having a plurality of border separation
slots and a plurality of grooves, the plurality of grooves
being disposed in all areas in the conducting layer
except the plurality of border separation slots, the
plurality of grooves including a plurality of first
grooves and a plurality of second grooves, each first
groove ol the plurality of first grooves having a length
direction not perpendicular to the bending axis and
comprising a main slot and a first extension slot con-
nected to a first end portion of the main slot, wherein
a component of a length of the main slot 1s greater than
0 1n a direction in which the bending axis 1s located,
wherein a length of a projection of the first extension
slot 1s greater than a length of a projection of the first
end portion 1n a direction perpendicular to the bending
ax1is, wherein an x-axis 1s perpendicular to the bending
axis, wheremn a plane 1 which the x-axis and the
bending axis are located i1s a plane in which a surface
of the touch control screen 1s located, wherein the
plurality of border separation slots comprise a first
border separation slot located between an electrode
arca and a non-electrode area that are adjacent to each
other, and wherein the first border separation slot 1s
configured to 1solate the electrode area and the non-
clectrode area.

2. The touch control screen according to claim 1, wherein
the length of the projection of the first extension slot on the
x-axi1s 1s greater than or equal to 1.5 times the length of the
projection of the first end portion on the x-axis.

3. The touch control screen according to claim 1, wherein
at least a part of a slot wall of the first extension slot 1s an
arc-shaped slot wall.

4. The touch control screen according to claim 3, wherein
the arc-shaped slot wall 1s formed based on a chamier
design.

5. The touch control screen according to claim 3, wherein
a curvature radius of the arc-shaped slot wall 1s greater than
0.5 times a width of the first end portion.

6. The touch control screen according to claim 1, wherein
cach first groove further comprises a second extension slot
connected to a second end portion of the main slot, wherein
a length of a projection of the second extension slot on the
x-axi1s 1s greater than a length of a projection of the second
end portion on the x-axis.

7. The touch control screen according to claim 1, wherein
the conducting layer further comprises a second border
separation slot disposed between two adjacent areas in the
conducting layer to i1solate the two adjacent areas, wherein
the two adjacent areas are both electrode areas, or the two
adjacent areas are both non-electrode areas; and the first
groove 1s provided in at least a part of an area 1n the
conducting layer except the second border separation slot.

8. The touch control screen according to claim 1, wherein
a component of the length of the main slot 1s equal to O 1n
a direction 1n which the x-axis 1s located.

9. The touch control screen according to claim 1, wherein
the conducting layer 1s a transparent conducting layer.

10. A touch control screen capable of being bent along a
bending axis, comprising;:

a conducting layer having a plurality of border separation

slots and a plurality of grooves, the plurality of grooves
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being disposed in all areas in the conducting layer
except the plurality of border separation slots, the
plurality of grooves including a plurality of first
grooves and a plurality of second grooves, each first
groove of the plurality of first grooves having a length
direction not perpendicular to the bending axis and
comprising a first end portion, a second end portion,
and a main body portion that 1s located between the first
end portion and the second end portion, wherein, in a
direction perpendicular to the bending axis, a length of
a projection of the first end portion 1s greater than a
length of a projection of a first part that 1s of the main
body portion and that 1s in contact with the first end
portion, wherein, 1in a direction perpendicular to the
bending axis, a length of a projection of the second end
portion 1s greater than a length of a projection of a
second part that 1s of the main body portion and that 1s
in contact with the second end portion, wherein an
x-axis 1s perpendicular to the bending axis, wherein a
plane in which the x-axis and the bending axis are
located 1s a plane 1 which a surface of the touch
control screen 1s located, wherein the plurality of
border separation slots comprises a first border sepa-
ration slot located between an electrode area and a
non-electrode area that are adjacent to each other, and
wherein the first border separation slot 1s configured to
1solate the electrode area and the non-electrode area.

11. A screen module, comprising:
a flexible display screen;
a touch control screen capable of being bent along a

bending axis, wherein the touch control screen com-
prises a conducting layer having a plurality of border
separation slots and a plurality of grooves, the plurality
of grooves being disposed 1n all areas 1n the conducting
layer except the plurality of border separation slots, the
plurality of grooves including a plurality of first
grooves and a plurality of second grooves, each first
groove of the plurality of first grooves having a length
direction not perpendicular to the bending axis and
comprising a main slot and a {first extension slot con-
nected to a first end portion of the main slot, wherein
a component of a length of the main slot 1s greater than
0 1n a direction 1n which the bending axis 1s located,
wherein a length of a projection of the first extension
slot 1s greater than a length of a projection of the first
end portion 1n a direction perpendicular to the bending
ax1s, wherein an x-axis 1s perpendicular to the bending
ax1s, and wherein a plane 1n which the x-axis and the
bending axis are located i1s a plane in which a surface
of the touch control screen 1s located; and

a cover, wherein the flexible display screen, the touch

control screen and the cover are disposed 1n sequence
in a stacking manner; or

a flexible display screen;
a touch control screen capable of being bent along a

bending axis, wherein the touch control screen com-
prises a conducting layer having a plurality of border
separation slots and a plurality of grooves, the plurality
of grooves being disposed 1n all areas 1n the conducting
layer except the plurality of border separation slots, the
plurality of grooves including a plurality of first
grooves and a plurality of second grooves, each first
groove of the plurality of first grooves having a length
direction not perpendicular to the bending axis and
comprising a first end portion, a second end portion,
and a main body portion that 1s located between the first
end portion and the second end portion, wherein, in a
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direction perpendicular to the bending axis, a length of
a projection of the first end portion 1s greater than a
length of a projection of a first part that 1s of the main
body portion and that 1s in contact with the first end
portion, wherein, 1n a direction perpendicular to the
bending axis, a length of a projection of the second end
portion 1s greater than a length of a projection of a
second part that 1s of the main body portion and that 1s
in contact with the second end portion, wherein an
x-axis 1s perpendicular to the bending axis, wherein a
plane 1 which the x-axis and the bending axis are
located 1s a plane 1 which a surface of the touch
control screen 1s located, wherein the plurality of
border separation slots comprises a first border sepa-
ration slot located between an electrode area and a
non-electrode area that are adjacent to each other, and
wherein the first border separation slot 1s configured to
1solate the electrode area and the non-electrode area;
and

a cover, wherein the flexible display screen, the touch

control screen and the cover are disposed 1n sequence
in a stacking manner.

12. The screen module according to claim 11, wherein the
length of the projection of the first extension slot on the
x-axi1s 1s greater than or equal to 1.5 times the length of the
projection of the first end portion on the x-axis.

13. The screen module according to claim 11, wherein at
least a part of a slot wall of the first extension slot 1s an
arc-shaped slot wall.
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14. The screen module according to claim 13, wherein the
arc-shaped slot wall 1s formed based on a chamifer design.

15. The screen module according to claim 13, wherein a
curvature radius of the arc-shaped slot wall 1s greater than
0.5 times a width of the first end portion.

16. The screen module according to claim 11, wherein
cach first groove further comprises a second extension slot
connected to a second end portion of the main slot, wherein
a length of a projection of the second extension slot on the
x-axis 1s greater than a length of a projection of the second
end portion on the x-axis.

17. The screen module according to claim 11, wherein the
conducting layer further comprises a second border separa-
tion slot disposed between two adjacent areas in the con-
ducting layer to isolate the two adjacent areas, the two
adjacent areas are both electrode areas, or the two adjacent
areas are both non-electrode areas; and the first groove 1s
provided 1n at least a part of an area 1n the conducting layer
except the second border separation slot.

18. The screen module according to claim 11, wherein a
component of the length of the main slot 1s equal to 0 1n a
direction 1n which the x-axis 1s located.

19. The screen module according to claim 11, wherein the
conducting layer 1s a transparent conducting layer.

20. An electronic device, comprising a bending axis and
the screen module according to claim 11, wherein the screen
module can be bent along the bending axis.
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